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EFFECT OF MACH NUMBiR ON POSITION ERROR

AS APPLIED TO A PITOT-STATIC TUBE .

LOCATED 0.55 CHORD AHEAD

OF AN AIRPLANE WING

BY W. F. Lindsey

SUMMARY

The effect on static-pressure measurements of
locating a pitot-static tube 0.55 chord ahead of an
airfoil section has been investigated. The tssts were
conduoted in the NACA ~-inch high-speed tunnel on
airfoil sections of’various thiclmess ratios over a
large range of l?achnumber. The results show that for
a wing having a thickness ratio of 0.15 the measured
Mach number, determined from a pltot-static-tube reading,
is
of
of

ap roximately O.G1 too low at a stream hlachnumber ‘-
0.

[
and approximately 0.03 too low at a Mach nvmber

o. .

INTRODUCTION

Pressure measurements from pitot-static tubes
mounted on aircraft are subject to two types of error,
namely, the calibration error and the position error.
The calibration error is a function of the design of
the pitot-static tl_ibe,and considerable data are available
to show the varlatlon of th19 error at high Mach
numbers (reference 1). The pos.itfon error, which is
dependent on the location of the pitot-static tube
with respect to some other body, results from the
influenoe of that body on the flow at the pitot-static
tube and affects, primarily, the static pressUre. The
magnitude of this error and the varlatlon of the
magnitude with angle of attack are usually determined
by low-altitude flight calibrations. The existence of
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a large change in posltlon error at hfgh Mach numbers
has bean observed in flight ~or installations below the
wings of aircraft.

The data presented and discussed herein were
obtainsd as a part of a tunnel-wall investigation which
was conductad in the NACA 24-inch high-speed tunnel and
Iil which a part of the two-dlmansional-flow field
around an aisf’oilwas measured. The measureme~.ts of
the static pressure were made at the tunnel wall in the
region ahead of the airfoil on tha chord extended
(fig. 1). These measurements indicate the position
error in the cass of many standard pitot-static-tube
installations but not the changa in calibration error
resulting from the variations in the pitch angle of
the Ditot-static tubs or tha errors in the total cressure.
The ~ests were conducted for a large ran~e of thi;kness
ratio at lift coefficients extending from approximately

. to 0.7 and at Mach numbers extending from approxi-
mately 0.55 to 0.80

APPARATUS A?TDMETHOD

Tssts of’the NACA 16-106, NACA 16-22.5,and NACA
16-130 airfoil sact:ons were con3ucted in the NACA
24-inch high-spesd tunnel (refarsnce 2) with t~~
circular test section modified by tke Installation
of flats on the tunnel walls. Tnose flats reduced
the span of each mGdsl from 24 to 18 inches (fig. 2).
Each model completely spannsd the test section and
passed through holes, of the same shape but slightly
larger, in large circular plates that ware fitted into
the flats in such a way as to rotate with t% model.
(Se9 fig. 2.) Pressures ware measured at static-
pressure orifices installed h thase plates ahead of
the model on the chord tixtentled,as shown in figure 1.
These pressure arlfices ware connected to a photo-
recording multiple-tube manometer (reference 3), and
measurements were m.ada for Mach numbers extendinS from
approximately 0.35 to Q.GO.

RESULTS AND DISCUSSION

o

Tha symbols used in the presentation of data for
the present tests are as follows:
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P’ static pressure measured at orifice ahead of
airfoil

-. - , .-,. ,..... .....4.-,.... ,..,..
P stream static pressure “’ - . . ......... ......... . .

.,
-H total or stagnation pressure

cl section llft coefficient

M Mach number

t/c thickness ratio

a angle of attack

c chord of model

of model

of model

vi indicated airspeed (trus airspeed at standard sea-
level pressure and temperature)

h pressure altitude

The basic results presented in figure 3 show that
the static pr~ssure at 0.55c ahead of the lsading edge
of tb.emcdel is greater than the stream static pres-
sure, in accordance with theory. Th29 result occurs
b~cau.se of’the stagnation region that exists at the
leading edge of ths ~~dal. Figure 3 also shows that
the magnitude of the differe:lcebetween the measured
and the ~trsaxnstatic pressures increases as the
thickness of the model increases because of the
Increassd extent of tha stagnation region.

The ei’fects of compressibility on the flow along
the upper and lower surfaces of an airfoil have been
shown by experimental investigations (referance 2) and
by theoretical studies (references 4 to 7). No
quantitative information, howaver, has been available
on the flaw field ahead of the point of stagnation
pressures, that is, the rsgion of zero valoclty.
Because of the unusual condition exflsting at this
point, the methods which have been applied to th
flow along the surfaces are not kelievad to be appli-
cable to the region under consideration.

Theoretical studies of compressible flows and
experimental data have shown, howevsr, that tha extent
of the region at the leading edge of modsls, in which
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the pressura is greater than stre~ pressure, increases
with Increasing Mach number. These increases are com-
parable to increases in thicbess, the effect of which
at a constant Mach number can be seen in figure 3.
This effect may be mcdified by the decrease in the
extent of the field of Influence upstream of tti model
with increasing Mach number, which results because the
velocity of pressure propagation is equal to the
velocity of sound. Although no quantitative comparison
of the relative magnitudes of the two effects can be
given from previous investigations, it can be seen in
figure 3 that fcr the present invostigat:on the over-all
effect of compressibility on th9 field of flow is to
increase the prassure and thareby increase the position
error with incraasad Mach number.

The location of tka pressure orifice relative to
the model ramainadunchan~ed for changes in angle of
attack. The eff’ect of changes in angle of attack or
in lift coefficient on the static-pressure error is
small within the limits of this investigation. A
more extensive investigation of the field of flow
ahead of the modal would be needed to explain the
reason for the difference in direction of the change
in this static-pressure error with increase in lift
cosfflcian”t at M = 0.4 for the airfoils having
thickness ratios of 0.~6 and 0.30. (See fig. 3.)

The affsct of pressure altitude on the variation
of the position error with indicated airspesd is
presented in figure 4. These variations with altitude
are a result of the variations of Mach number with
altitude at a constant indicated airspsed.

Tha basic results of figure 3 for an angle of
attack of 0° have been converted to show, in figure 5,
the error In Mach number resulting from the increased
static pressure. The most significant result indicated
in this figure is the affect of position error on the
magnitude of tileerror in ths determination of the Mach
number. For the airfoil with a thickness ratio of 0.15,
the Mach numbar decrement is approximately 0.01 at a
Mach number ot 0.4 and 0.03 at a Mach number of 0.8;
for the airfoil with t/c = 0.30, the Mach number
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L. . . . . decrement Is ap roximately 0.01 at a Mach number.......

Of 0.25 ‘anttokot at-a Mach .number,vo’f0.72. The
decrement for airfoils having a thlolmess ratio .
of 0.06 or less is probably within the usual accuracy
of measurements.

. .,

Langley Memorial Aeronautical LaborStory,
National Advisory Comml~tae for Aeronautics,

Langley Field, Va.
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(a) Over-all view with access door removed showing
model installation.

(b) Downstream view with model in place.

Figure 2.- Modified test section of the NACA 24-inch
high-speed tunnel.
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